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Introduction {#sec005}
============

Antibiotics reduce the burden of common infectious diseases and usually play an essential role in many medical interventions because of their therapeutic benefits and their impact on public health throughout the world \[[@pone.0185869.ref001]\]. However, patterns of use of antibiotics have become the main cause of bacterial resistance \[[@pone.0185869.ref002],[@pone.0185869.ref003]\]. Antibiotic consumption has increased in the EU during the last 10 years, with variations between countries within the EU and countries from outside \[[@pone.0185869.ref004],[@pone.0185869.ref005]\]. According to the European Surveillance of Antimicrobial Consumption Network (ESAC-Net), the weighted mean consumption of antibiotics by the population of the EU/EEA increased significantly between 2009 and 2013, particularly in Belgium, Ireland, Latvia, Norway, Spain, and the United Kingdom. Spain has one of the highest rates of consumption, which reached 24.2 DDD/1000 inhabitants/day in 2013, i.e., higher than the mean 22.4 DDD/1000 inhabitants/day for the EU during the same year \[[@pone.0185869.ref006]\].

Similarly, previous studies have shown over prescription of these drugs outside hospitals which is associated with more frequent use of healthcare services for treatment of specific conditions \[[@pone.0185869.ref007],[@pone.0185869.ref008]\] and a greater expectation of receiving antibiotics by the patients \[[@pone.0185869.ref005]\]. Also, previous studies reported sex and age differences in the use of antibiotic prescription \[[@pone.0185869.ref009],[@pone.0185869.ref010]\]. In this context, individuals aged \>65 years old in Spain consume more than 30% of drugs prescribed daily for the treatment of chronic diseases \[[@pone.0185869.ref011]\]. Prescription of antibiotics among elderly patients has been reported to be very frequent, with a prevalence of consumption ranging between 1.2% \[[@pone.0185869.ref012]\] and 9.4% \[[@pone.0185869.ref013]\] in nursing homes and up to 48% among elderly persons not living in institutions \[[@pone.0185869.ref005]\].

The objectives of the present study were: a) to analyze time trends in the prevalence of consumption of prescription antibiotics among elderly persons in Spain between 2003 and 2014; and, b) to identify the sociodemographic features, self-rated health status, comorbidity, lifestyle habits, and disabilities associated with antibiotic consumption during this period in elderly persons in Spain.

Materials and methods {#sec006}
=====================

Data source {#sec007}
-----------

We conducted a nationwide, descriptive, cross-sectional epidemiological study on the consumption of antibiotics by persons aged ≥65 years old in Spain. We used individualized secondary data drawn from the 2003, 2006, and 2012 Spanish National Health Surveys (SNHS) \[[@pone.0185869.ref014]--[@pone.0185869.ref016]\] and the 2009 and 2014 European Health Interview Surveys for Spain (EHIS) \[[@pone.0185869.ref017],[@pone.0185869.ref018]\]. The SNHS is an ongoing survey that collects data by home-based personal interview in order to examine a national representative sample of the non-institutionalized population residing in main family dwellings (households) in Spain. The surveys use multistage cluster sampling, with proportional random selection of primary and secondary sampling units (towns and sections, respectively); the final units (individuals) are selected using random routes and gender- and age-based quotas. Surveyors were trained in basic communication skills, procedures, and administration of the questionnaire. Details of SNHS methodology are reported elsewhere \[[@pone.0185869.ref014]--[@pone.0185869.ref016]\].

The 2003 survey included 21,650 adults of both sexes interviewed between April 2003 and March 2004, the 2006 survey included 29,478 adults of both sexes interviewed between June 2006 and June 2007, and the 2012 survey included 20,007 persons interviewed from July 2011 to June 2012. Data from the years 2009 and 2014 were obtained from the EHIS, which was proposed by the European Commission to EU Member States and conducted by the Spanish National Statistics Institute under the aegis of the Spanish Ministry of Health, Social Affairs, and Equality (SMHSAE). The methods of the EHIS are the same than those used in the SNHS. The data collection period ranged from April 2009 to March 2010, and a sample of 22,188 subjects aged 16 or over was selected. The 2014 survey included 22,842 adults of both sexes interviewed between January 2014 and January 2015. A detailed description of EHIS methodology can be found elsewhere \[[@pone.0185869.ref017],[@pone.0185869.ref018]\].

Variables {#sec008}
---------

For the purposes of the current study, we included answers from adults of both sexes aged ≥65 years from all the surveys. The variables included can be compared because the same questions were asked in all 5 surveys.

The information to create the dependent variables was obtained from the answers \"yes\" or \"no\" to the question "Have you taken antibiotics in the last 2 weeks?" Respondents who answered "yes" were then asked the question "Were they prescribed for you by a doctor?" Those who answered yes to the first question, regardless of the answer to the second one, were considered consumers of antibiotics.

The independent variables were the primary sociodemographic characteristics of the population, namely, age, marital status, and educational level. To identify subjects with an associated chronic condition, we used the self-reported affirmative answer to the presence of any of the following physician-diagnosed diseases (categorized as none, 1--2, ≥3): arterial hypertension, hypercholesterolemia, respiratory disease (asthma and chronic bronchitis), heart disease, diabetes, and cancer. The variables related to lifestyle and health profile used in the study were current smoking (yes/no), consumption of alcoholic beverages within the 2 weeks prior to the survey (both defined as dichotomous variables), body mass index, and leisure time physical activity (moderate, light, or none). Self-perceived health was analyzed as a dichotomous variable (very good and good/fair or poor and very poor).

In order to assess the use of healthcare resources, respondents were asked about visits to the primary care physician (in the preceding 4 weeks \[yes/no\]), hospitalization (in the previous 12 months \[yes/no\]), and visits to the emergency department (in the previous 12 months \[yes/no\]). They were also asked if they had taken any type of non-antibiotic medication in the previous 2 weeks (categorized as none, 1--3, ≥4).

Finally, information regarding functional disability was obtained from questions targeting distinct physical tasks in 2 functional domains that had been validated and used in previous studies \[[@pone.0185869.ref019],[@pone.0185869.ref020]\], as follows: (1) activities of daily living (ADL) (i.e., bathing or showering, dressing and undressing, feeding oneself, getting in and out of a bed or chair, and using the toilet); (2) instrumental activities of daily living (IADL) (i.e., preparing meals, taking care of finances and everyday administrative tasks, doing light housework, managing medication, and use of the telephone). Participants were defined as being functionally impaired in a particular domain if they answered in at least one of the specific tasks in these domains with any of the following: "Yes, I can do it but with some difficulty", "Yes, I can do it with a lot of difficulty", or "I cannot do it by myself".

Statistical analysis {#sec009}
--------------------

We calculated the prevalence of total antibiotics consumption for each of the 5 surveys according to the study variables. All data analyses were performed separately for women and men. Pearson's χ^2^ test was used for the bivariate comparison of proportions, and statistical significance was set at p \< 0.05 (2-tailed).

To estimate the independent effect of each of the variables on the consumption of antibiotics, we also obtained the corresponding adjusted odds ratio (AOR) by means of multivariate logistic regression analysis. All variables with a significant association in the bivariate analysis were included in the multivariate analysis, along with those variables that were considered relevant in the scientific literature. Two models were generated to identify factors associated with the overall consumption of antibiotics in men and women.

Estimates were made by incorporating the sampling weights and using the "svy" (survey command) functions of STATA (STATA Corp, College Station, Texas, USA), which enabled us to incorporate the sampling design into all our statistical calculations (descriptive, χ^2^ test, logistic regression). Statistical significance was set at a 2-tailed α\<0.05.

Ethical statements {#sec010}
------------------

In accordance with Spanish legislation, there is no need for Ethics Committee approval, since the database was obtained from the webpage of SMHSAE, where it is publicly available. The data were analyzed anonymously.

Results {#sec011}
=======

The study population included 12,294 men (42.91%) and 20,117 women (57.09%), of whom 52.36% were aged 65--74 years, 36.42% were aged 75--84 years, and 11.22% were aged ≥85 years.

Consumption of antibiotics increased significantly during 2003--2014 in both sexes, 5.6% in men (p = 0.002) and 6.21% in women (p = 0.001). By age, consumption increased in women aged 65--74 years and 75--84 years. During the years 2009 and 2012, statistically significant values were recorded for the age ranges 65--74 years and ≥ 85 years, respectively (p\<0.05) in both sexes ([Table 1](#pone.0185869.t001){ref-type="table"}).

10.1371/journal.pone.0185869.t001

###### Prevalence of antibiotic consumption in Spanish elderly, according to sex and age groups.

Spanish National Health Survey (SNHS) 2003--2006, 2012 and European Health Interview Survey (EHIS) 2009 and 2014 for Spain.

![](pone.0185869.t001){#pone.0185869.t001g}

                                                                      2003        2006        2009        2012        2014       p-value
  ------------------------------------------------------- ----------- ----------- ----------- ----------- ----------- ---------- ---------
  **65--74** [^**a**^](#t001fn001){ref-type="table-fn"}   **Male**    39(2.97)    78(5.35)    39(3.23)    41(3.59)    70(5.07)   0.004
  **Female**                                              74(3.69)    134(5.42)   85(5.18)    80(5.04)    103(5.9)    0.018      
  **75--84**                                              **Male**    25(3.08)    60(5.37)    34(3.82)    52(6.24)    63(6.76)   0.233
  **Female**                                              47(3.28)    112(5.49)   56(3.65)    80(5.28)    97(6.51)    0.000      
  **≥ 85** [^**b**^](#t001fn002){ref-type="table-fn"}     **Male**    7(3.98)     16(6.75)    8(3.45)     20(8.13)    14(4.49)   0.831
  **Female**                                              20(5.09)    26(5.1)     20(3.85)    25(4.39)    42(6.36)    0.269      
  **Total**                                               **Male**    71(3.08)    154(5.47)   81(3.48)    113(5.08)   147(5.6)   0.002
  **Female**                                              141(3.68)   272(5.42)   161(4.36)   185(5.04)   242(6.21)   0.001      

^a^ Statistically significant differences (p \< 0.05) EHIS 2009

^b^ Statistically significant differences (p \< 0.05) SNHS 2012.

Data consumption in men, according to sociodemographic characteristics, lifestyle, and health-related study variables are shown in [S1 Table](#pone.0185869.s001){ref-type="supplementary-material"}. Consumption increased during 2003--2014 (p = 0.002), especially in men aged 65--74 years (p = 0.004). Consumption in elderly persons increased during 2003--2014 with respect to educational level, marital status, income, lifestyle, visits to health centers, polymedication, and disability.

Chronic diseases were significantly associated with consumption of antibiotics during each year of the study period (p\<0.05), although no significant increases were recorded.

[S2 Table](#pone.0185869.s002){ref-type="supplementary-material"} shows the prevalence of antibiotics consumption according to sociodemographic variables and health in women. During 2003--2014, consumption increased among women (p = 0.001) aged 65--74 years (p = 0.018) and 75--84 years (p = 0.002). Consumption increased in both sexes and with respect to secondary education, marital status and income, lifestyle, visits to health centers, and disability in ADL. Unlike in men, consumption increased in women who did not have difficulties in performing ADL (p = 0.025) and who did not consume medications other than antibiotics (p = 0.006).

The results of the multivariate analysis are shown in [Table 2](#pone.0185869.t002){ref-type="table"}. Male sex tended to be a predictor of antibiotic consumption (AOR, 1.17; 95%CI, 1.02--1.33).

10.1371/journal.pone.0185869.t002

###### Factors associated with consumption of antibiotics by prescription in elderly persons aged ≥65 years in Spain.

Spanish National Health Survey 2003--2006, 2012 and European Health Interview Survey 2009 and 2014 for Spain.

![](pone.0185869.t002){#pone.0185869.t002g}

  ------------------------------------------------------------------------------------------------------------
                                                                         Male               Female
  -------------------------------------------- ------------------------- ------------------ ------------------
  **Age**\                                     **65--74**                1                  1

  **75--84**                                   1.01(0.80--1.26)          0.78(0.65--0.94)   

  **≥ 85**                                     0.81(0.57--1.17)          0.88(0.67--1.14)   

  **Educational level**\                       **No formal education**   1                  1

                                               **Primary education**     1.11(0.87--1.42)   0.89(0.75--1.06)

                                               **Secondary education**   1.38(1.03--1.85)   1.31(1.01--1.69)

  **Medical consultation**\                    **No**                    1                  1

  **Yes**                                      2.05(1.60--2.63)          2.15(1.76--2.61)   

  **Hospitalization in preceding 12 months**   **No**                    1                  1

  **Yes**                                      1.91(1.53--2.39)          1.83(1.52--2.21)   

  **Number of non-antibiotic drug**            **None**                  1                  1

  **1--3**                                     1.28(0.82--1.99)          2.13(1.33--3.41)   

  **≥4**                                       3.36(2.15--5.23)          5.84(3.75--9.38)   

  **Instrumental Daily Living Activities**     **No**                    1                  1

  **Yes**                                      1.50(1.16--1.95)          1.24(1.01--1.51)   

  **Daily Living Activities**                  **No**                    1                  1

  **Yes**                                      1.39(1.07--1.84)          1.35(1.09--1.66)   

  **SNHS and EHIS**                            **2003**                  1                  1

  **2006**                                     1.57(1.08--2.28)          1.37(1.05--1.80)   

  **2009**                                     0.98(0.65--1.48)          1.28(0.95--1.72)   

  **2012**                                     1.25(0.84--1.84)          1.29(0.97--1.78)   

  **2014**                                     1.46(1.01--2.11)          1.66(1.27--2.18)   
  ------------------------------------------------------------------------------------------------------------

AOR: Odds Ratio; CI: Confidence Interval; SNHS: Spanish National Health Survey; EHIS: European Health Interview Survey.

When the consumption pattern among women was analyzed, the variables that were independently and significantly associated with a greater probability of antibiotic use were age 75--84 years (AOR, 0.78; 95%CI, 0.65--0.94), educational level, visits to the general practitioner (GP), hospitalization, polymedication with ≥ 4 nonantibiotic drugs (AOR, 5.84; 95% CI, 3.75--9.38), and disability (ADL and IADL).

As for elderly men, the health profile analysis showed that educational level, visits to a GP, taking 4 or more non-antibiotic medications (AOR, 3.36; 95% CI, 2.15--5.23), ADL, and IADL were all significantly associated with more frequent consumption of antibiotics.

To assess the time trend in the consumption of antibiotic during the period 2003--2014 and after adjusting for differences in socioeconomic data and health status, antibiotic consumption increased by 66% between 2003 and 2014 in elderly women (AOR, 1.66; 95%CI, 1.27--2.18), whereas antibiotic consumption among Spanish elderly men increased by 46% during the study period (AOR, 1.46; 95%CI, 1.01--2.11).

Discussion {#sec012}
==========

Our study revealed an increase in antibiotic consumption from 2003 to 2014 in elderly persons in Spain. We found that variables associated with higher consumption were secondary education, visits to a GP, hospitalization, taking ≥ 4 non-antibiotic drugs, and difficulty in performing IADL and ADL. In contrast, age ≥ 85 years was associated with low consumption in both sexes.

Our study supports previous reports of increases in consumption of antibiotics in elderly \[[@pone.0185869.ref003],[@pone.0185869.ref021]\]. Increased antibiotic prescription fill rates in the elderly may be explained by a change in patient behavior \[[@pone.0185869.ref010],[@pone.0185869.ref022]\], physician education \[[@pone.0185869.ref010],[@pone.0185869.ref023]\], seasonal differences in antibiotic use \[[@pone.0185869.ref021]\], antibiotic price reimbursement \[[@pone.0185869.ref003],[@pone.0185869.ref022]\], type of infection \[[@pone.0185869.ref003],[@pone.0185869.ref024]\], choice of antibiotics based on national policies \[[@pone.0185869.ref022]\], and application of antimicrobial treatment to prevent complications and loss of autonomy \[[@pone.0185869.ref025]\]. Further, the pressure exerted by the pharmaceutical industry on GPs plays an important part in the choice of antibiotic \[[@pone.0185869.ref026]\].

We observed a variation in prevalence in 2009, probably because the purchasing power of elderly persons decreased during the economic recession and prescriptions were more closely controlled, thus potentially leading to misuse of medication \[[@pone.0185869.ref027],[@pone.0185869.ref028]\].

Our results showed that antibiotic consumption increased in both sexes and are consistent with previous studies \[[@pone.0185869.ref009],[@pone.0185869.ref010],[@pone.0185869.ref022],[@pone.0185869.ref026],[@pone.0185869.ref029]\], which reporting that the prevalence of antimicrobial use changed markedly between genders.

In some cases, gender differences can be explained by the greater frequency of symptomatic infections of the urinary tract in women than in men and the over-use of primary healthcare services by women \[[@pone.0185869.ref020],[@pone.0185869.ref030]\].

Previous studies \[[@pone.0185869.ref009],[@pone.0185869.ref029],[@pone.0185869.ref031],[@pone.0185869.ref032]\] reported higher rates of consumption in advanced age. In Holland, Haeseker et al \[[@pone.0185869.ref032]\] showed that antibiotic prescriptions increased in age \>80 years during 2000--2009 (p\<0.001). In contrast, our results showed that age ≥ 85 years old was associated with a decreased probability of antibiotic consumption. Although, the reason why this decreased occurred cannot be inferred by the nature of the study design, a negative OR value may be explained in part by efforts to limit antibiotic prescription in the elderly in order to protect them \[[@pone.0185869.ref033]\]. Thus, anticipating drug interactions by minimizing the unnecessary use of antibiotics may help prevent adverse events \[[@pone.0185869.ref032]\], antibiotic resistance \[[@pone.0185869.ref024],[@pone.0185869.ref034]\], and secondary infections (i.e. *Clostridium difficile*)\[[@pone.0185869.ref034]\].

Low educational level \[[@pone.0185869.ref035]\] was also significantly associated with antibiotic consumption. In a study conducted in São Paulo (Brazil), Kliemann et al \[[@pone.0185869.ref036]\] reported how antibiotic consumption was more frequent in larger populations with higher educational levels. It is possible that education acts differently in developing countries, where it may improve access to medical treatment, than in developed countries, where access to medical treatment may not depend on educational levels, despite increasing knowledge about health patterns and correct antibiotic use. Furthermore, consumption could be determined by patients' misconceptions about antibiotics \[[@pone.0185869.ref023]\], inadequate knowledge about appropriate use of antibiotics \[[@pone.0185869.ref022]\], and cultural background \[[@pone.0185869.ref037]\].

Previous studies have shown that visiting a GP was associated with increased consumption of antibiotics by the elderly \[[@pone.0185869.ref007],[@pone.0185869.ref010],[@pone.0185869.ref031],[@pone.0185869.ref032]\]. The reason why GPs prescribe antibiotics in response to patient demands is to avoid patient dissatisfaction with the visit \[[@pone.0185869.ref007],[@pone.0185869.ref010],[@pone.0185869.ref023]\]. Also, the prescription could validate the seriousness of the visit, thus reassuring the patient that he or she was right to come to the GP and seek treatment \[[@pone.0185869.ref005]\].

Hospitalization is also a risk factor for consumption of antibiotics in terms of the admitting complaint, disease burden, iatrogenic infections associated with urinary catheters, and emergence of multidrug-resistant infections \[[@pone.0185869.ref024],[@pone.0185869.ref031]\].

In general, although concomitant use of multiple drugs is very common among elderly persons in developed countries, data on the prevalence of polypharmacy in the literature also vary widely between studies. This practice can mask symptoms of infection (fever, cough, pain), thus hampering diagnosis and necessitating prescription of broad-spectrum antimicrobial drugs to provide full antibiotic coverage \[[@pone.0185869.ref024]\]. Paradoxically, use of antibiotics together with other drugs can lead to type A adverse reactions (dose-related) or type B reactions (immunologic drug reactions, drug intolerance) \[[@pone.0185869.ref024],[@pone.0185869.ref038]\]. Thus, Haeseker et al \[[@pone.0185869.ref032]\] reported that the highest risk group to develop adverse drug events is aged over 80 years with multiple co-morbidity and co-medication.

Our results also showed that functional disability increased the probability of antibiotic consumption. There are several explanations for this finding. Disability is associated with increased severity of infection in persons aged \> 80 years and could be an atypical manifestation of infection in elderly persons (urinary tract infection, pneumonia) \[[@pone.0185869.ref038]\]. In addition, the loss of ADL (eating, bathing, transferring) could increase the risk of infection. Moreover disability is a predictor of mortality and a criterion for early use of antibiotics in elderly persons with severe infections \[[@pone.0185869.ref038]\] and has been associated with the emergence of multidrug-resistant infections \[[@pone.0185869.ref038],[@pone.0185869.ref039]\].

Limitations {#sec013}
-----------

First, we used a self-reported measure of antibiotic consumption, which may have limited the assessment of antibiotic prescription. Nevertheless, even though individuals can overestimate or underestimate their antibiotic consumption, surveys are extremely useful for investigating patterns, frequencies, and longitudinal trends of antibiotic consumption \[[@pone.0185869.ref040]\]. Second, we did not consider institutionalized or hospitalized population, rather than identifying specific active pharmaceutical ingredients, the SNHS and the EHIS, identify groups of medicines for specific diseases, or disorders. Third, the study design did not enable us to determine a cause and effect relationship owing to the lack of longitudinal follow-up of the same population. Nevertheless, the use of a national and European population-based survey makes it possible to include representative national sample sizes. Despite these limitations, our study provides additional insight into demographic aspects (age, sex) of antibiotic consumption in older adults for whom there is little information at the population level, particularly in Spain. Lastly, given that the initial response rates to the SNHS and EHIS were low (61% to 65%) \[[@pone.0185869.ref019]--[@pone.0185869.ref023]\], the possibility of non-response bias must be taken into consideration.

Conclusions {#sec014}
===========

The current study found an increase in antibiotic consumption in Spain between 2003 and 2014. Factors associated with higher consumption were secondary education, visits to a GP, hospitalization, taking ≥ 4 non-antibiotic drugs, and poor functional status. Our results have clear implications for health services in Spain. At national level, health services and hospitals should develop joint programs focused on appropriate antibiotic prescription and development of programs to monitor consumption in elderly people. Further, the creation of programs to monitor antimicrobial use, and identification of factors associated to increase of consumption should be carried out. At a community level, in primary health care, health care professionals could increase elderly education to prevent inappropriate antibiotic consumption, and identify factors associated to increase GP visits.
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